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Abstract: The study tested the hypothesis that stress experienced during neonatal life alters follicular reserve and 
onset of initial follicular waves. Rat pups immediately after their birth (postnatal day 1) were randomly segregated 
into three groups and the first group pups were autopsied on postnatal day 1, second group served as controls and 
those in third group were exposed to a stressor (maternal separation 6 hours/ day) from postnatal day 1 to 3. Five 
pups in control and stress group were autopsied on postnatal day 4, 6 and 8. There was a significant increase in 
blood corticosterone level in stressed rats on postnatal day 4. Neonatal stress did not delay the timing of 
folliculogenesis and onset of initial follicular waves. However, mean number of oocytes, primordial and primary 
follicles on postnatal day 4, 6 and 8 was significantly lower in stressed rats compared to controls. Reduction in 
follicular number was due to increased rate of atresia which was assessed by TUNEL and caspase-3 assay. The 
results, for the first time, reveal that neonatal stress has dire consequence as it reduces the number of oocytes and 
primordial follicles (follicular reserve) which might curtail the reproductive lifespan of neonatally stressed rats. 
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1. Introduction 
 
Female reproductive system is highly sensitive to 
stress (1). The ovarian follicular development is 
continuous process and is independent of estrous cycle 
(2). Effect of stress on gonads in adults may be 
reversible but it may not be true during initial stages of 
development (3). Though stress effects on different 
aspects of reproduction are well documented (4-15), 
influence of stress on ovarian follicular development, 
especially during prepubertal period, is least 
investigated. The studies on stress and ovarian follicular 
development reported thus far are focused on adult 
follicular kinetics. For instance, heat stress alters the 
efficiency of follicular selection and dominance in cows 
(16, 17) and the first wave of dominant follicle and 
preovulatory follicles in cattle (18) and adversely 
affects follicular development in goats (19). Likewise, 
adverse effects of a major stress related hormone, 
glucocorticoids on ovarian function have been reported. 
Increased level of cortisol reduces ovulation in 
Hereford heifers (20) and exogenous glucocorticoids 
suppress follicular growth, development and ovulation 
in rodents (21, 22, 23), primates (24, 25) and some 
domestic species (26, 27, 28). 
Earlier studies on neonatal stress focused on 
different physiological processes like pain responses 
(29), behaviour (30) etc, whereas reproduction was 
least investigated. For instance, in female rats delay in 
puberty following forced swimming exercise (31) and 
neonatal maternal deprivation (32) have been reported. 
Likewise, high glucocorticoid levels during foetal life 
caused by administration of dexamethasone acetate and 
carbenoxolone to the mother during pregnancy also 
delay onset of puberty in females (33). Though these 
studies reveal that neonatal or prepubertal gonads are 
vulnerable to stress, there is no information on two 
crucial events in female reproduction viz, establishment 
of follicular reserve and onset of initial follicular 
waves. Both the events occur in neonatal phase and 
have bearing on adult reproductive life. Hence, present 
study tests the hypothesis that neonatal stress alters 
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follicular reserve and timing of onset of initial follicular 
waves in rats. 
 
2. Materials and Methods 
 
2.1 Animals and their maintenance 
Wistar albino rats bred and maintained by the 
central animal facility of University of Mysore were 
used. The rats were maintained in polypropylene cages 
containing a bed of paddy husk and had free access to 
food and water throughout the day. The food was 
standard rat chow pallets of which the nutritional 
contents were according to recommended standard diet 
for albino rats. The tap water was provided in clean 
glass bottles. The rats were maintained in 12:12 light 
and dark photoperiod (lights from 7 am to 7 pm). 
Animal care, treatment and anaesthesia were according 
to the guidelines of the committee for purpose of 
control and supervision of experiments on animals 
(CPCSEA). All experimental protocols were approved 
by the Institutional animal ethics committee (IAEC) of 
University of Mysore. 
 
2.2 Experimental protocols 
Postnatal day (PND) 1 pup were used. The body 
weight of each pup was recorded immediately after 
birth. Five pups were autopsied on day 1 i.e. 
immediately after birth and considered as initial 
controls. The remaining pups along with their mothers 
were randomly segregated into two groups, controls and 
stress group. The control pups were maintained without 
disturbance, whereas those in the stress group were 
exposed to maternal separation, 6 hours/ day from PND 
1 to PND 3. The littermates of each mother in this 
group were separated from the mother and placed in a 
different cage having appropriate bedding. After 6 
hours all the pups were shifted back to cage of their 
mother. Timing of separation was randomly changed 
every day to avoid habituation. Five pups from both the 
groups were autopsied on PND 4, 6 and 8. At autopsy 
weight of the body and the ovary was recorded, and 
later converted into relative weight (weight per 100g 
body weight). The right ovary was fixed in Bouin’s 
fixative and the left ovary in buffered formaldehyde 
glutaraldehyde for histological and 
immunohistochemical studies respectively. The blood 
sample was collected, serum was separated and stored 
at -200C until corticosterone concentration was 
determined. 
 
2.3 Histology and follicle counts 
The ovaries fixed in Bouin’s fluid were processed 
according to the standard histological method and 5µm 
thick serial paraffin sections were cut and stained with 
hematoxylin and eosin. Different categories of follicles 
were identified and classified according to Pedersen 
and Peters (34). Oocytes within the syncytium were 
counted from each section. The naked oocytes were 
counted from every alternate section, the primordial 
follicles from every 4th section and primary follicles 
(type 3a) from every 6th section. A different procedure 
was followed for 3b type primary follicles (advanced 
primary follicles). Each section was observed and only 
the 3b follicle showing full size oocyte was included in 
counts and care was taken not to count the same follicle 
more than once. 
 
2.4 TUNEL (Terminal deoxynucleotidyl transferase 
dUTP nick end labeling) assay 
The follicular atresia, determined by histological 
observation i.e. presence of more than 5% pycnoitic 
granulosa cells, was further characterized by 
conducting TUNEL and caspase 3 assays. Serial 
sections (8µm) were cut from the left ovary fixed in 
buffered formaldehyde-glutaraldehyde and the sections 
were spread on 3-aminopropyltriethoxysilane coated 
micro slides. Some sections were randomly selected for 
conducting TUNEL assay. The assay was performed 
using the kit supplied by Roche Diagnostics India Pvt. 
Ltd., Chennai, India following the procedures of the kit 
manufacturers. The number of TUNEL positive and 
negative granulosa cells were counted in randomly 
selected areas in each section and expressed in terms of 
percentage of TUNEL positive and negative cells. 
 
2.5 Immunohistochemical localization of caspase-3 
Some randomly selected sections of the left ovary 
fixed in buffered formaldehyde-glutaraldehyde were 
spread on 3-aminopropyltriethoxysilane coated slides. 
The primary antibody (anti-mouse caspase-3) was 
purchased from Bi Biotech India Pvt. Ltd., R&D 
Systems, New Delhi, India and a standard 
immunohistochemistry technique protocol (35) was 
used. Caspase-3 positive and negative cells were 
counted from randomly selected areas and percentage 
of positive and negative cells was calculated. 
 
2.6 Estimation of serum concentration of 
corticosterone 
The corticosterone concentration was determined 
by enzyme linked immunosorbent assay (ELISA) using 
the kit purchased from Neogen Corporation, Canada. 
The corticosterone was extracted from the serum 
collected and stored at -200C at autopsy, following the 
procedure of the kit manufacturer. 
 
2.7 Statistical analysis 
The mean values of each parameter were computed 
using data on a minimum of five animals in each group 
and expressed as mean ± SE. The mean values were 
compared by one way analysis of variance followed by 
Duncan’s multiple range test and judged significant if 
p<0.05. All statistical analyses were carried out using 
SPSS 17. 
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3. Results 
 
 
3.1 Body and ovary weight 
The body weight of pups in both the groups 
showed a significant increase over initial controls at all 
the ages studied. There was a significant decrease in the 
body weight and percent gain in body weight of stress 
group rats on PND 4, 6 and 8 compared to controls 
(Table-1). Relative weight of the ovary was 
significantly lower in stressed rats on PND 4, 6 and 8 
compared to controls (Table-1). 
 
3.2 Histology of the ovary and follicular counts 
On PND 1 (initial controls) follicles of any 
category were absent and the ovary contained only 
oocytes either within the syncytium or as naked 
oocytes. On PND 4 ovaries of both the control and 
stressed rats contained naked oocytes (type 1) and 
primordial follicles (type 2) (Fig. 1. a & b). The 
primary follicles (3a) and advanced primary follicles 
(3b) were present in the ovaries of both control and 
stressed rats on PND 6 and PND 8 respectively in 
addition to oocytes and primordial follicles. 
Mean number of oocytes was significantly lower in 
stress group on PND 4 and 6 whereas it did not 
significantly vary on PND 8 compared to controls 
(Table-2). Mean number of primordial follicles was 
significantly lower in stressed rats on PND 6 and 8 
compared to controls (Table-2). Similarly, mean 
number of primary follicles (type 3a) was significantly 
lower in stressed rats compared to controls on PND 6 
and 8 (Table-2). Mean number of advanced primary 
follicle (type 3b) was significantly lower in stressed rats 
on PND 8 compared to controls (Table-2). 
 
3.3 TUNEL assay and caspase3 localization 
 The ovaries of stressed rats revealed the presence 
of more number of TUNEL (Fig. 2b) and caspase-3 
(Fig. 3b) positive granulosa cells compared to controls. 
In stressed rat’s percentage of TUNEL positive cells on 
PND 4 and 6 and that of caspase-3 on PND 8 was 
significantly higher compared to controls (Table- 3). 
 
 
 
 
 
Fig. 1a & 1b. Cross Sections of the ovary showing oocytes (O) and 
primordial Follicles (PF) on postnatal day 4 in both the control  
(Fig. 1a) and stressed (Fig. 1b) rats. H & E, 400X. 
 
3.4 Serum Corticosterone levels 
Mean serum concentration of corticosterone was 
significantly higher in stressed rats on PND 4 compared 
to controls (Table-1). 
 
Table 1. Effect of Stress Experienced during Neonatal Period on Body and Ovary Weight and Serum Corticosterone Levels in Rat. 
 
 
Groups 
Mean body 
weight 
(g) 
Percentage of increase 
in body weight compared 
to initial weight 
Relative weight of 
ovary (mg/ 100g of 
body weight) 
Serum corticosterone 
level (ng/ml) 
Initial controls 3.88±0.03a  43.29±0.46a 0.75±0.002a 
PND 4 
 
Control group 7.70±0.12b 56.64±3.45a 52.85±0.48b 1.73±0.002b 
Stress group 6.78±0.08c 22.17±1.76b 43.14±0.69a  
PND 6 
 
Control group 8.30±0.12b 66.75±5.58a 53.33±0.35b  
Stress group 6.70±0.12c 33.55±5.13b 44.42±1.64a  
PND 8 
 
Control group 11.80±0.56d 129.95±11.88c 56.80±0.27c  
Stress group 9.90±0.10e 87.63±5.37d 44.66±0.27a  
ANOVA 
F value 
118.13 
(df= 6, 28) (p<0.05) 
37.20 
(df=5,24) (p< 0.05) 
58.95 
(df=6,28) (p< 0.05) 
177.37 
(df=1, 4) (p< 0.05) 
 
 All values are mean ±SE, df, degrees of freedom; PND, postnatal day 
 All values are Mean ±SE; Mean values with same superscript letters in a given column are not significantly different, whereas those 
with different superscript letters are significantly (P<0.05) different as judged by Duncan’s multiple test. 
 
 
 
a 
b 
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Table 2. Mean Number of Oocytes, Primordial follicles and Primary follicles (type 3a and 3b) per ovary in Control and Stressed rats. 
  
 Mean number/ ovary ± SE 
Groups Oocytes 
Follicles 
Primordial (type 2) 
Primary 
type 3a type 3b 
Initial controls (PND 1) 21397.2±268.63a Nil Nil Nil 
PND 4 Control group 18476. 6±666.06
b 176±21.37a Nil Nil 
Stress group 15107±622.14c 59.8±10.56a Nil Nil 
PND 6 Control group 8061.8±357.89
d 6669.6±353.12b 284.4±22.9a Nil 
Stress group 5360±121.65e 5438±122.07c 100.6±10.9b Nil 
PND 8 Control group 1268.4±52.11
f 3187.6±150.18d 299±13.9c 284.4±22.9a 
Stress group 965.8±122.45f 2227.8±42.65e 182.4±3.5d 100.6±10.9b 
ANOVA 
F value 
450.75 
(df=6,28) P<0.01 
267.29 
(df=5,24) P<0.1 
34.66 
(df=3,16) P<0.1 
45.46 
(df=1,8) P<0.01 
 
 All values are mean ±SE, df, degrees of freedom; PND, postnatal day 
 All values are Mean ±SE; Mean values with same superscript letters in a given column are not significantly different, whereas those 
with different superscript letters are significantly (P<0.05) different as judged by Duncan’s multiple test. 
 
 
 
Fig. 2a & 2b. Cross Sections of the ovary showing TUNEL Staining in Control (Fig. 2a) and stressed (Fig. 2b) rats on PND 8. Note the presence 
of More Number of TUNEL Positive Granulosa Cells in stressed rats compared to Controls. 100X.  
 
Table 3. Mean Percentage of Granulosa cells showing Positive and Negative staining for TUNEL assay and Caspase-3 immunolocalization in 
Control and Stressed rats. 
 
Groups 
Percentage of granulosa cells 
TUNEL assay Caspase- 3 
Negative Positive Negative Positive 
Initial controls (PND 1) 55.00±3.05a 45.00±3.05a 100.0000a Nil 
PND 4 Control  group 84.00±1.15
b,d 16.00±1.15b,d 100.00±00a Nil 
Stress group 73.66±1.76c 26.34±1.76c 100.00±00a Nil 
PND 6 Control group 82.66±2.96
b 17.34±2.96b 98.66±0.88a,b 1.34±0.88a,b 
Stress group 74.00±3.60c 26.00±3.60c 97.66±0.33b,c 2.34±0.33b,c 
PND 8 Control group 90.33±0.88
d 9.67±0.88d 96.00±0.57c 4.00±0.57c 
Stress group 83.66±0.88d 16.33±0.88b,d 90.33±1.20d 9.67±1.20d 
F value (df=6, 14) 25.29 (p< 0.05) 25.29 (p< 0.05) 32.26 (p< 0.05) 32.26 (p< 0.05) 
 
 All values are mean ±SE, df, degrees of freedom; PND, postnatal day 
 All values are Mean ±SE; Mean values with same superscript letters in a given column are not significantly different, whereas those 
with different superscript letters are significantly (P<0.05) different as judged by Duncan’s multiple test. 
 
4. Discussion 
 
Activation of the hypothalamo-pituitary-adrenal 
axis leading to excessive secretion of glucocorticoid is a 
familiar response to stressors in vertebrates (36, 37, 38). 
Maternal separation is a widely used stressor to study 
effects of stress in neonatal rats (32, 39, 40). Increased 
serum corticosterone level was found in young rats due 
to maternal separation indicating a condition of stress 
(41). In addition, loss of body weight is expected in 
stressed young animals as stress inhibits feeding 
behaviour (42). In the present study, maternal 
separation 6 hours/ day for 3 days i.e. from PND 1 to 3 
resulted in an increase in serum level of corticosterone 
on PND 4 as well as reduction in percentage of body 
weight gain on PND 4, 6 and 8 indicating   maternal 
separation induced stress in neonatal rats and hence, the 
ovarian changes were stress responses.  
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Fig. 3a & 3b. Cross sections of the ovary showing caspase- 3 Immuno Localization on PND 8 in control (Fig. 3a) and stressed (Fig. 3b) rats. 
Note the presence of more number of granulosa Cells Showing Caspase-3 Localization in stressed rats compared to controls. 100X. 
 
Our observation that the ovary contained only 
oocytes whereas follicles of any category were absent 
on postnatal day 1 is in agreement with earlier reports 
that folliculogenesis occurs after birth in rats (43, 44). It 
is known that primordial follicles are formed by 
postnatal day 3 and immediately after their 
differentiation a subset of follicles begins to grow and 
constitute the initial follicular waves, leading to the 
formation of primary follicles (45, 46, 47). In our 
present study, timing of formation of primordial and 
primary follicles in controls was similar to earlier 
reports as on PND 1, only oocytes were present, and 
primordial and primary follicles were found on PND 4 
onwards. Since the establishment of follicular reserve 
(i.e. primordial follicles) and onset of initial follicular 
waves i.e. subset of primordial follicles entering into 
growth phase, leading to formation of primary follicles 
occur in first 3 days life of rat, this period (PND 1 to 3) 
was selected to study  stress effects on these two crucial 
events. Indeed the results show severe effect of stress 
on neonatal ovarian activity.  
Exposure of pups to maternal separation in first 3 
days of life in the present study did not alter timing of 
formation of follicular reserve and onset of initial 
follicular waves as oocytes on PND 1 and primordial 
and primary follicles on PND 4 were found in stressed 
as well as in control pups and chronology of events was 
comparable to earlier studies (45-48). However, there 
were drastic quantitative changes. There was loss of 
oocytes, primordial follicles and primary follicles in 
stressed rats in the range of 20-50% at different age 
intervals studied compared to controls. The most 
significant observation was about 30% loss of 
primordial follicles, which form the follicular reserve 
(the stockpile of follicles) and are the source of higher 
category follicles throughout the reproductive lifespan. 
Present study is the first report, revealing stress induced 
reduction in size of follicular reserve in mammals. This 
effect may curtail the reproductive lifespan of female 
rats, a majority of workers opine that the primordial 
follicles are formed in prenatal or postnatal ovaries and 
their number is finite and not renewable in mammals 
(34, 49 - 55). The fact that experimental deletion of 
follicular reserve in rats did not result in renewal of lost 
follicles and lead to early reproductive senescence (46, 
47) supports this view. Hence, loss of follicular reserve, 
due to stress in early life might reduce the reproductive 
lifespan and thereby reproductive potential of female 
mammals.  
Loss of follicles and germ cells by atresia is found 
in the ovaries at all stages of life and it is an apoptotic 
process (56). However, certain conditions may enhance 
the follicular atresia, leading to more loss of follicles 
than under normal circumstances. Stress induced 
apoptosis and loss of follicles are found in several 
earlier studies, for instance, thermal stress resulted in 
increased rate of apoptosis in cows (57 - 60). Caspases 
are executioners of apoptosis (61, 62). An important 
function of caspases is to activate the caspase activated 
DNase (CAD), the endonuclease responsible for 
internucleosomal DNA fragmentation which is the 
hallmark of apoptosis (62). Caspase-3 is the most 
effective caspase and its activation leads to the final 
stages of cellular death, by proteolytic dismantling of 
large variety of cellular components (63, 64) and it is 
functionally required for granulosa cell apoptosis 
during follicular atresia (65). The cleavage of genomic 
DNA during apoptosis may yield double as well as 
single strand breaks (nicks), which can be identified by 
labeling 3-1 OH terminal with modified 
nucleotidyltransferase, which catalyses polymerization 
of labeled nucleotides to free 3-1 OH DNA ends in 
template independent manner. In the present study 
decrease in the mean number of primordial or primary 
follicles was accompanied by increase in 
immunoreactivity of caspase-3 as shown by increase in 
percentage of granulosa cells showing caspase-3 
reactions, indicating apoptosis. An increase in 
percentage of TUNEL positive granulosa cells in 
stressed rats, indicating DNA strand breaks 
concomitant with increased caspase activity further 
supports stress induced follicular atresia. Gross 
histological observations also revealed more number of 
atretic follicles in stressed rats. The present study 
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presents a clear evidence that neonatal stress causes 
reduction in follicular reserve in rats by apoptosis 
which might result in early reproductive senescence and 
reduced reproductive potential. 
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